o fER e

2

28% HotHe ety Mam
Y=ol 2

Ay

1. A =
WA 715 whast 442 | f7184E0
A EafshaA 858 FoiFe dez A f

2
g, ol Qg 2o d¥oz ahn vk,

W% o5 ArbAlel Hetd Fzel el whe
29715 9 dee AAHos At AL e
Saan G2 $obselAat b5 AelelA 3
sl Aot guALe AsAAT Aofuslz @

+

2. & HEE 0 HEy gE

Aot 2ol s F338 FRE ¥ 154
RSn Rl #713te g Rl f7|5ke] ArpAl &l
o33+ Fw] A7) (primary, secondary, tertiary)
2 Aol spwelcl, = 3o Aol o3
monosulfide®}t disulfide, polysulfide 522 7%
Het, gs} F57be] AR £ 28l e
T Ao 33 A A wkgAdE A dfel el
Az wlmsh 2w ¥ 29 22 115kj/moledtA]
335kj/mole7tA] H£E 5] Qlrt,

A szl o8l 3] S50 WRFAE 2

 Zleo] s v glaw S5 Fate] wbEAel
e Ao Axst % 300 MA|= %k,

o AL ¥ ol 8F Holch,
12 HEg wojZ E 3% A o oluiel
det E 2 Aolols marol EAldbch wabAl A4
B A #e) oluixe 3% Exdold e e 1)

H

olo

SHWE ARz AT Bolwl 43 W33
T A AHX e Aol vimd 2w ol

E 1. 5718 Ao 332 =

Structure type Structure
Elemental sulfur(S,) % S-S
i ]
\ S_ S /
Mercaptan (thiol) RSH
Monosulfide RSR
Disulfide RSSR
Polysulfide RSS,SR
x=1,2, 3---
Thioacid 0]
4
-C
N\
SH
S
7
-C
\
OH
Thioketone >C=5

15
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E 2. o) §o18 saise A e oA

Bond Structural type Disscciation energy, kJ/mole
5\,/5 Elemental sulfur 117 - 141
S,

RSS—SSR Dimethyl tetrasulfide 151
RS—SR Disulfides 280 - 289
R-—-SR Alkyl monosulfides 293 - 306
1so—C,H,—SCH, sec-Alkyl monosulfides 280
t-C H,—SCH;, t-Alkyl monosulfides 272
CH,CH=CH—SCH, Vinyl methyl sulfides 218
C¢H,S—CH, Pheny! methyl sulfide 251
C¢H;CH,S—CH, Benzyl methyl sulfide 213
R—SH Alkyl mercaptans 289~ 310
1s0-C,H,—SH sec-Alkyl mercaptans 297
t-C,H;—SH t-Alkyl mercaptans 289
CH,CH=CH-SH Vinyl mercaptans 218

O— SCH, Phenyl methy! sulfide 335
C.H;CH, —SC,H; Benzyl ethiy! sulfide 222

H 3. Holl o f7iske) shebah-g A

HE 4. B34 Ao s 4713 dbE

Sulfide % Reacted Sulfide Temperature, Products
deg K
Di-n-buty! disulfide 8.5 g
. L , Dibenzyl 403 Dibenzyl monosulfide
D%phenyl d1§ulf1§e 8.5 disulfide 423 Dibenzyl monosulfide,
Dl't‘butyl dlsulflde 37.5 tolueney (Fe_S) (a)
leenzyl disulfide 37.5 leenzyl 423 Toluene, (Fe_s)
Di-t-nonyl polysulfide 77.1 monosulfide 443 Toluene, bibenzyl, (Fe-S)
Elemental sulfur 63.0 Di-t-butyl 423 Isobutene, isobutane,
Additive furnishes 0.48 wt % sulfur to the solution. disulfide t-butyl mercaptan, (Fe-S)
Reaction: 3 hours at 473K(200°C). Di-n-butyl 423 n-Butyl mercaptan,
disulfide C. hydrocarbons, (Fe-S)
A updol olat Aoz ule o] Eao] hat ol 443 Di-n-butyl monosulfide,
n-butyl mercaptan,
a8 1o AA=A C, hydrocarbons, (Fe-S)
i Di-n-octyl 423,443 n-Octyl mercaptan,
3. & 532 . S8 HIMHe =HE disulfide n-octane, (Fe-S)
Diphenyl 403,423  Thiophenol
disulfide

A AR 34 AE agel e Fae 3%

[¢]
3 g@8ANA] "ol 7] 5abe] Al Alw
A AF5R n F2 Z9F A ATl 5

16

(a) FeS or FeS, o1 a mixture,
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o
&

10*nm?

10

Square of Reaction Layer

Thickness,

1
0 10 20
Time, minutes

a8 1. 194 (Hot-wire) 71%ol 23 3 3ghE
o] 8pg§-5dt
1: 0,.75% Elemental sulfur in white oil, 763K,
2 . Didodecyl disulfide, 1% S . diphenyl disul-
fide, 1% S . 763K. 3 Uncompounded white
oil, 763K. 4: 0,75% Elemental sulfur in white
oil, 703K. 5. 0,75% Elemental sulfur in white
oil, 633K.
E 5, ulngof i3t #H7FA] Disulfides &}
Lubricant Contact Wear Wear
pressure, rate, rate,
MPa nm/s ratio

AISI 1141 steel, rubbing speed 25.4 cm /s

9 % Di-t-octyl disulfide 896 223 1.00
9 % Di-n-octyl disulfide 896 607 2.70

White oil 896 678 3.02
Hardened AIS! 1095 steel, rubbing speed 65. Ocm/s
23% D1 t-octyl disulfide 2861 483 1 0

23% Di-n-octy! disulfide 2861 9195 19.1
23% Di-t-octyl disulfide 2586 406 1.0
23% Di-n-octyl disulfide 2586 8128 20.0

Wear is measured by the increase in the radlus of
the scar on the end of a conically-tipped pin.

ok, s odgel ) HE2 4-ball, Timken,
Falex S22 A=}, zevh FE9teS oA
Al & 4= glof Pin-on disk #A 2 o] &35l 7%
etk 5v o] HrkAl BEAel B AT

6. 778 #&Ee 3} 4-ball *] 7z}

Additive fﬁiﬂ?ﬁ> XLirefﬁfﬂnm (b)
None 14.4 0.77
Di-n-butyl disulfide 21.4 0.79
Dipheny! disulfide 24.2 0.59
Di-t-butyl disulfide 31.2 0. 61
Dibenzyl disulfide 40. 6 0. 34
Di-t-nonyl polysulfide 41.7 (.75
Elemental sulfur 56. 4 0.90

(a) 1500 rpm; 60 seconds at each load in the proce-
dure. (b) 1500 rpm; one hour at 15 kg load. Additive
furnishes 0.48% sulfur to the lubricant.

3.2
3.0
2.8
2.6
2.4
2,2
2.0
1.8
1.6
1.4
1.2
1.0

Wear Scar Dlameter, mm

W[/Llllxl
4

0 120 200 280 360
Load, kg

28 2. 4-ball A@elA F71Hl HF Fo 5
“Extreme-pressure” procedure . 60 seconds at
1500 rpm, Additives furnished 1.19% sulfur to
the lubricant a . Base oil. 1. Di-n-butyl sulfide,
2 . Diphenyl disulfide, 3. Di-n-butyl disulfide,
4 . Dibenzyl sulfide. 5. Di-n-butyl disulfide. 6 :
Dibenzyl disulfide, 7 . Diallyl disulfide,

o] ¥ ztg 24 Di-t-octyl disulfide”} Di-n-octyl
disulfide® ot ©f &3}& o]x|ut Al wkg-4o] uv] B
of Ha ztel, ofof whg AW 43 EEHe] A
& oA o]Eoz 4e] Hr},

Wzl Aol ofgh AA AugAE

T

O_ %]l O
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E 7. w7139 4-ball A8 via

Sulfide Relative ranking, Wear test scar

EP test (a) diameter,mm(b)
Daallyl disulfide 1 0. 623
Dibenzyl disulfide 2 0. 560
Di-t-butyl monosulfide 3 -
Dibenzyl monosulfide 4 -
Di-n-butyl disulfide 5 0. 865
Diphenyl disulfide 6 0. 509
Di-n-butyl monosulfide 7 -

¥ 8. A3 Organic chlorides oil &<i2t2] =2h3-4
% C'-Cl bond
Compound (a) Reaction dissociation
energy, KJ/mole
Benzy! chloride 51 291
t-Butyl chloride 49 329
t-Pentyl chloride 47 -
Cyclohexyl chloride 30 335
Chlorinated paraffin 25 -
61y Cl)
sec-Butyl chloride 23 334
Carbon tetrachloride 15 306
n-Butyl chloride 15 339
n-Hexyl chloride 9 -
Chlorobenzene 0 371

(a) oil &4

(gram-atom)

100 gr#+ Chlorine 0,015gr %=}

4ballz. Qe sk E 6ol AU, o] AL
35 7ol shebd whgAlol et ohm/ S1F A%
Z7loht 15kg wheAlE Asele Axelx o
o},

H 9. Organic chloride? oil &dof i3l ul-g3}

o [ ]

o Aedelt §7]5kel et
2 3 239 Ao{Bz qleix]
o & 700 drlehedeh, o] 4] e dFelel A

G4 gER S5 AR A oduA gl o
7 AREES 9l olF <d-Eel & 7l& alkyl
chlorides, aryl chlorides, chloro-olefins, chlorine-
acid chlondes, chlorine
GRoR Q9

substituted fatty acids,

substituted heterocycles 5o]u 7]

g} A& alkyl®} aryl chlorideselc},
QA4 3=t Ae| v-SAA T Mould 5ol ¢

g A7 At E &l 2w 200CelM 647 B

g Zlelel, C-Cl A5 whgrncl ulzbsiz

Zebch, A7REoE e, e gle ZelA

A

- HATTT X
Al oil Lele] edwal wal Ayl %

iv*-n7}'

gell Al 4]

[}
. 3714 rmg—carbonoﬂ 22 Aghe
ol 4 9] t{}ﬁj—HO] non-ring carbon®. 2 73rs d4
RSN o A S ok 4 ot

5. W4 SBUE: BY HIIH L
A SE AR A WA Aol w4
=27el 1FE 92 AdsAl B3t Mould S|

4-ball A7z F 1000 AR =ik,

LSO

o ¥-3)

Additive Temperature, % of Cl in additive % of Cl in additive decomposed in
deg K decomposed to HCI the presence of Fe

in absence of Fe to HCI to iron chloride total

Chlorinated paraffin wax 473 0.5 - - 2.5

Chlorinated paraffin wax 523 2.4 4.3 6.4 10.7

Chlorinated dipheny! ether 523 0.2 0.04 0.02 0. 06

¥IEAH Lxg 15259k s1dslyd

18

2 oil §¥el| 3% Chlorine°] 3%,
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683K
. 3| 73K
g 4
— 1000}
6y
u .
o7
Ko
olo
=)
500
733K
5
________ 0
//,"" 713K
ez ! 1
0 10 20
A7}, ¥
3y 3. Aol o 4 FaEe kg AR
1, 3 1% Benzyl chloride. 2: 19% Hexachlor-
ethane, 4. 1% Chlorinated paraffin, 5: 1%
Pentachlorodiphenyl, a . Carrier oil without
additive,

# 10. Organochloric 3}3-5o] i3 4-ball A3

2} 8

Wear/ Wear scar
Additive load,index, diameter,

kg (a) mm (b}
None 14.4 0.77
n-Hexadecyl chloride 16. 2 0. 64
n-Butyl chloride 17. 8 0.70
Chlorobenzene 22.5 0.73
1,4-Dichlorobenzene 25.8 0.74
Carbon tetrachloride 29.9 0.65
n-Hexyl chloride 30. 4 0.75
1,4-Dichlorobutane 3L5 0.73
sec-Octyl chloride 31.6 0.74
Cyclohexyl chloride 34.4 0.69
sec-Butyl chloride 35.9 0.73
Chlorinated paraffin (51% Cl) 37.8 0. 60
t-Butyl chloride 46.1 0.74
Benzyl ch.oride 46.6 0. 66
t-Pentyl chloride 52.8 0.70

(a) 1500 rpm . Al&-< o FZo] 4 602F AF
8, (b) 1500 rpm : 15kg 3-&olA 14]7h5-9k A1
& #3890l chlorine 0,53% 3 A 7kAl2 A 7}13),

o

® 2.5

1.0

0.5

Scar Diameter, mm{=} 2

50 100 150 200

Applied Load, kg(3}3)
38 4. Octyl chloridesel w3 4-ball )& 72 2}
8.52% t-Octyl chloride . 2 seconds-&., 10 secon-
ds-+---, 8,48% n-Octyl chloride : 2 seconds-[1,
10 seconds'--, Both chlorides . 2 seconds-o. Both
chlorides . 2 seconds and 10 seconds - Data
by Dorinson,

o A ek 2 eiRle g & A A
% t}zo w}x] primary® aromatic, chlorides?}
secondary®th @ FH ol tertiarly®} benzylat
T FA Wk I 8ol A vebdt 3hekH wbgAl v
TzoF F 109 wikw/ 35 Algele] A 15kg
ol 4 1417} mpEAIY 2= ofn]7) 9l BAI7F Gl
goll 4} epgt A zfoll ofsiad 3hebz HRg-
Aol & t-octyl chloride”t n-octyl chloridelct
o $& SsbdviAebe A dAEh e S
of = & Aol 7}t gick, of7|Al= mim. Aeole] &z
7b Z7HA] dhelel] o xgo] © Aog welrt,

w8l

o 3EHE ¢ A wikgn HIHA

d}

oo &

gle] 3H3HEe Zotadsbales] 1 o338 ul 2ol
el ] odFElo] e e E FHo A B2

ol 2 & ofRELS phosphoric acidv+ thiophos-
phoric acid®] f=&Folc},

BE fr1alg MR AREEle] &8s A
Fmdof qlzp Ao zhgsjule]l dir), ol AL
Z-& sl b Ee] E F kol §E2HE

ol A¥ ol Zo] Auisl=z] FAF] HFAE + Gl

ct.
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I 1. Phosphours oxyacid derivatives®l 3%+
0O
I
Phosphate (RO),P=0, (RO),P—OH, RO—P (OH),
esters I
0
0 0
I l
Phosphite (RO),P, (RO),P—H, RO—P»\—H
esters OH
O OR O OR O OH
\ W \ \ 7
Phosphonate R— R-P R—P
esters \ \
OR OH OH
R R
\/ \ 7
Phosphinate P--OR P—-OH
esters / 7
R R

MR Fvlorgol oldbsbs

Re 42 b8 42 9,

ubep] Eg-Adoll 247k o] Exal —‘FEI
4-ball A&l olal 7= o 7}
Qlel miw xtgol ol Aoz L’/KL—Q.‘ Bhgol A &
phosphate’t © & A5e 7k
Sk, Bieber7l a3 4
&% tricresyl phosphateel acidic 448 22 7
G 7 Aol b mlm o] wex glof 4lo] o
W 7)ol gk Ader & 4 Qloh

F 132 light Whlte oilell IR
tricresyl phosphate®] *7bAl 288 xelseb=] o
= Zxb wlmEt Aelch, ofuw] shie} 439 o 3k

tricresyl

seizure 3ha-& 4 zlojs}

silica-gel

H 12. Alkyl % Aryl phosphate®l 4-ball <+ & 7]

¥ 13. 4-ball #]3loll4] De-acidified % untreated
tricresyl phosphate<| ¥|i

Wear scar diameter, mm

% Additive in white o1l

10kg 15kg 20kg 25kg
1 % Untreated TCP 0.20 - 0.32  Scuff
1 % De-acidified TCP 0.21 - 0.33  Scuff

0. 1% Untreated TCP 0.25 0.30 Scuff

0. 1% De-acidified TCP 0.25 0.28 Scuff
0.01% Untreated TCP Scuff -
0.01% De-acidified TCP  Scuff -

*Dry argoneol 2+ -toll 4] 1200 rpmo® 158 %
oF 4l4id,
* Untreated
phosphate,

TCP © 0,038% Mole ¢ dicresyl

S Al71Ek7] 2l8ll dry argon AlelellA Adg Ao
2 #u] offel ofeke Ao glglzm ulebs
acidic el YA2ol dafuohs vhaedah A qb
2ol 28l organophosphate esters7t # 7}l 7%
S Z Aoz AES odelch Phosphatesét
phosphites?] #7px] edgkol] e gl =23zl vt
I 1ok 8l 6ell A=) gk oz AFol 4
phosphate ester®:.r} phosphite?} o2 2b-gol v
gapAolch 4 169 white oilodl phosphites®] #
7hAlz ol Adslet AR Trol uef das F
it 0,01~0,04 molar (0, 031~0,124%) 2. -Z7}et
W odakol A w3}, Phosphiteset # 7b-2fe]

j

F3 uks @abe] 28] 7ol Al4slo] ole}, of 7|4
T gt FAlol shatgo] elofl Hew et

ket

phitesel ooy 4] w17 5

23zl Aol dilauryl % distearyl phos-

7] wEolrt,

Ester Wear/load Initial seizure Wear scar diameter, mm(b) )
index, kg (a) load , kg 30 min 45 min 60 min
Tri-n-buty! phosphate 13.8 40 0.39 0. 42 0.47
Tricresyl phosphate 14.1 40 0.25 0.27 0.28
Di-n-butyl phosphate - - 0.37 0.39 0.43
Base oil 10. 4 30 0.25 (¢) - 0.76

0.124% P in white 0il(16.21 ¢s/37.8C). (a) 60 second runs at 1500 rpm. (b) 15 kg load at 1500 rpm. (c) 20

minutes.

20
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T T 1777 T T T
= |
g
X | i
5 ool Mineral Oil ____—-=""""]
t) * T
p— Y — -
|
A 0.4 -
- Reference - -
= . .
S ~» Lubricant L
2 0.92F 7 /'_/ —
- . “
RS P """ Hertz Diameter
=N S N <t W ] L1
1 2 4 6 810 20 40 60 80
Load, kg
23l 5. Tricresyl phosphate® #7}4 2F8of 4]

acidic %2 gk,
RER -

4-ball A& o 7 620 rpmol| Al

rpm. Reference lubricant: 0.065% tricresyl phos-
phate in rust-inhibited mineral oil. <0.02 Mole-%
acidic constituent in tricresyl phosphate o. 0.19%
Mole-% acidic constituent in tricresyl phosphate o.
0.3 Mole-% acidic constituent in tricresyl phosphate
A

H 14. Phosphate®} Phosphite triesters®l 4 7}4
A ]

Additive % P Wera scar diameter,mm Scuff load, kg
Wet ar Dry argon Wet air Dry argon
None 0 0. 49 0.32 30 30
Phosphates
Allyl 0.43 0.38 0.33 60 70
Butyl 0.35 0.34 0.33 60 50
Phenyl 0.39 0.35 0.30 60 50
Cresyl 0.25 0.36 0.29 70 60
Phospites
Allyl 0.47 0.30 0.32 60 60
Butyl 0.38 0.41 0.42 60 45
Pheny! 0.31 0.3 0.28 60 45

* White 0il(35,8cp at 25°C). 4-ball #1&<E 1200
rpmell 4 158 7F & =zpa sl

ZAgslo] A B

4
ASE Asiue, ol

T T Y T T

g

g

[y

[+9]

©

£

&

(o]

ot

[a+]

(8]

A

I

(5]

»Q)

= 0 1 | 1 1 1
1 2 3 4 )

% Additive
ad 6. #7F4 24 phosphate2} phosphite tries-
ters®] ¥lul, 7|3 solvent-refined mineral oil,

1500 rpmell 4 60&7F wh3k,

1: Tributyl phosphate, 120 kg. 2: Tricresyl phos-
phate, 120 kg. 3: Tricresyl phosphate, 100 kg. 4:
Tributyl phosphate, 100 kg. 5: Trixylenyl phosphate,
120 kg. 6: Trixylenyl phosphate, 100 kg. 7: Tributyl
phosphite, 140 kg. 8: Tributyl phosphite, 120 kg. 9:
Tributyl phosphite, 100 kg.

# 15. Dialkyl phosphites®} dialkyl phosphates®l
RIS SRS ] A

Initial seizure Wear scar

Additive load, diameter,
kg (a) mm (b)

Diethyl phosphite 225 0.70
Diethyl phosphate 160 0.43
Dibuty! phosphite 135 0. 64
Dibutyl phosphate 85 0.42
Di (2-ethylhexyl) phosphite 125 0.3

Di (2-ethylhexyl) phosphate 80 0.29
Dilaury! phosphite 130 0. 32
Dilauryl phosphate 80 0.32

#¥100 gr white oilel] p 0,04 Mole g 412,
(a) 4-ball A& : zb &l A 1500 rpmo 2 60
b vk Ald (b) 4-ball 418 @ 15kg FFEol A 60

B bR A,

diesters &4doz 4 Aoz o] ARgsct,
o|5-¢& 3Fjatd HFehale 2% phosphorodithioic
acid®] O, O-diester 55Qo2 A5t -§3ho
41+ phosphorodithioate ester’} &<r3de] ez
ARg-E Tt

21
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E 16. Dialkyl phosphites®] *7}4 zh-&

Phosphite Molal

Wear/load Initial seizure Wear scar

ester concentration index kg(a) load, kg(a) mm (b)
Base oil 0 10. 4 30 0.72
Diethyl 0.001 16.0 45 0.52
0.010 24.6 70 0.57
0. 040 79.0 225 0.70
Dibutyl 0.001 13.5 40 0.43
0.010 23.8 70 0.44
0. 040 50.2 155 0. 64
Di2- 0.001 11.6 35 0.67
ethylhexyl) 0. 010 19.7 55 0.40
0. 040 40.9 125 0.36
Dilauryl 0.001 13.5 40 0.69
0.010 33.3 100 0.32
0. 040 46.5 130 0.32
Distearyl 0. 001 13.4 40 0.73
0.010 27.8 80 0.35
0. 040 51.9 145 0.29
Dicyclo- 0.01 14.1 40 -
hexyl 0.010 18.1 50 -
0. 040 33.4 95 0.31

(a) 4-ball A& : ztzkel s}l 4
605t A&, (b) 4- ball A
1500 rpme.2 6057} <& 3}

1500 rpm e 2
15 kg sh5ol 4]

100 1 1 T T T ‘]T
g
- 80 ]
3
60 -
2 8
S5
%g 40 \\ Stearyl
B 20t 2- Ethylhexyl Lauryl -
3© Ethyl
Q
Butyl : ' N
R S N U R T TR
Test Duration, hrs
a3 7. #H7}Fol & dialkyl phosphites?] #h-%
Faga

Zinc 4 AiHo = ”31 ARgsia, flels Ak
3} WA Al E AEAF ol 29del] E3 AREETL

HygHdoz “}-:—7]""] a7 oo,

¥ 17% Di-n-butyl® Diisobutyl Zinc phosphor-

22

8 (.60}
[
g
8
/A 0.50
Tt
<
@
P e 040
S8
[+5 -
= 647 911 1 1
0. 30 3
1.0 1.5 2.0 2.5 3.0
pK. of Parent Acid
a3 8. &% H7MEAM organic phosphates,

phosphonates®} phinates2] vlit, 1500 rpm, 15kg
5, 6087k vl & (100 gm white oil &4l 4
moles 714 7))

Neutral esters (). Acids or acid esters a. 1: n-Butyl
di-n-butylphosphinate. 1/: Di-n-hexylphosphinic
acid. la: Di-n-octylphosphinic acid. 2: Di-n-butyl-n-
-hexylphosphonate. 3: Di-n-buty] phenylphosphonate
4: Tri-n-butylphosphate. 4/: Di-n-butyl phosphate. 5:
Diethyl benzylphosponate. 6: Diethyl o-nitrophenyl-

phosphonate. 7/: Di(2-ethylhexyl) phosphate. 8/:
Dilauryl phosphate. 9: Tricresyl phosphate.

H 7. Di-n-butyl 3} Diisobutyl Zinc phosphor-
odithioates2] %3l AAE

Di-n-butyl Diisobuty!

Diisobuty! sulfide
Di-t-butyl sulfide
t-Butyl isobuty! sulfide

Di-n-butyl sulfide
n-Butyl mercaptan
Butene-1

Butene-2

Hydrogen Sulfide
Non-volatile residue

1soButyl mercaptan
1soButene
Hydrogen sulfide
Non-volatile residue

#%453-523Koll 4| 341 7k5ot 7hed 3ol &,

odithioates®] <43 Ydso| A3 AEF
v 18] 9 20| ko] Eriet AAE] L5
wE Aebd $EEF HoFEo, e Aol
Baumgaten? dialkyl dithiophosphate®] 3}&h=
F2hE wbd Aol Ae] gAds|a o]Zle] Fw
oAA Zincst 243 Az mshe o] shalo] o]
dofuni Fxl2E Fob 28 dithiophoposphate
7} B5%0 Hejr F4 v Fddol v)AlH oz

A A] 5}

[e
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Es 3 E
égl.oo :_//jlo();
E%0.75F | ol 080 &
5% =7 460 =
£a0,50 1 4 = -
2% A | 40
§ 0.25._'/-2——‘ 6 -‘20 -c;
s 3 1 &
1 ! 1 | | )

0 450 475 500 525 450 475 500 525
Temperature, degrees Kelvin

a3 9. Di-n-butyl®t Diisobutyl Zinc dithiophos-
phatess] 4 -3
(a) Zinc di-n-buityl dithiophosphate. (b) Zinc
diisobutyl dithiophosphate. Three hours reaction
at temperature indicated. 1:Di-n-butyl sulfide. 2:
n-Butyl mercaptan. 3: Butene. 4: Hydrogen sulfide.
5: isobutyl mercaptan. 6: Dibutyl sulfide. 7: Residue.

F 18. Zinc phosphorodithioate esters®] 4-ball 4|
77

Ester group [nitial seizure  wear scar
load, kg (a) at 70 kg, mm

Base oil 55 0. 26
n-propyt 90 0. 38
n-Butyl 70 1.83
isoButyl 75 -
1soButyl/Pentyl (b} 75 0.38
n-Octyl 65 1.71
2-Ethylhexyl 65 2.07
2,2,4-Trimethylpentyl (c) 55 1.80
1soPropyl 105 -
sec-Butyl 80 0.38
1,3-Dimethylbutyl (c) 70 2.08
1-Methy.heptyl (c) 65 1.90
1soPropyl/1-methylheptyl(b) 85 0.37
2-Ethylhexyl/cresyl (b) 70 1.78
Ce-Co paraffinic/cresyl (b) 85 0.37
isoPropyl/p-octylphenyl (b) 75 0. 40
2-Ethylhexyl/p-octylphenyl (b) 70 1.85
p-Octylphenyl 75 0. 40

Blends in mineral oil made up to contain 0.056%. (a)
1 minute at each load step. (b) Mixed ester groups.
(c) Secondary alcohols.

4-Methylphentyl
n-Hexyl -

o o o
-~ o oo
[S2 BTN 31
T
A
\
\
.

o o o 2o
ot [$2] o
S & S
i T TAC T

Wear Scar Diameter, mm
_O
e
(S}
T

=
.
o)

T

0.35} —— =%
0,30} kT S e — - (.
0.25

Rubbing Time, minutes
2% 10. Dialkyl dithiophosphates®] 7} 28
o4 ol el ot
Four-ball wear test at 15 kg load, 1500 rpm. Addi-
tive furnishes 4 mmoles P per 100 gms white oil
solution. a: Bi(III). b: Sn(Il). ¢: SbdIl). d: Pb(Il). e:
Ag(D. f: Fe{IIl). g: Ni(I). h: Cd(II). k: Zn(Il).

E 20. #7F# =zt Thiophosphite} Thio-
phosphate®| +=% {39l o4&

Ester Seizure transition, kg
(C.H,0),P 90
(C.H,S),POC,H, 108
(C.H,S), P 93
(CH,0),P=0 102
(CH,0),P=S 82
CH,SP=S - (OC,H,), 78
(C.H,S),P=S - OCH, 72
(CH,S),P=S 68
Base oil 68

Additivles: 0.006 mole in 100 grams base oil. Four-
ball test at 600 rpm.

A=A e ol ofs) Halsl= Hog M)
Art,

3 182 4-ball A1 7] 2 Jayneoll &l Aozl &b
8% ¥oiFu}, oJv]4] Ester Groupd E43} np2
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E 1 3)
% 10°* 10724
g 3 m m
o o P.n
it :
— 10-¢ ~9 }—
Cf X 2 10 8
©
; 2.0 Propylene ho g Propyl;neh
a) 1 1 10-10 1 i L 10-%0 L 1 1 1
10-% 107 10 107% 1072 10-¢ 10-* 10~z 10-! 1 107* 107 102 107! 1

H,S Formation,
moles/mole/min

a3 1.

Propylene or H,S,
moles/mole/min

Metal dialkyl dithiophosphates®] daF# 413} =}z »

Propylene or H,S,
moles/mole/min

Te kel R

(1) Wear of copper pin against steel disk: distance-dependent volume-rate, 8 kg load, 10 cm/s, 366K, 5 hours,

Additives: zinc dialkyl dithiophosphates in n-hexadecane, 0.04%

P. a: 2,2-Dimethylpropyl. b: n-Propyl. ¢:

Ethyl. d: 1,2,2-Trimethylpropyl. e: 1,3-Dimethylbutyl. f: isopropyl. (2) Wear of copper pin against steel disk:
distance-dependent volume-rate. Metal salts of diisobutyl dithiophosphate. g: pb. h: Ag. k: Cd. m: Cu. n: Zn.
p: Free diisobutyl dithiophosphoric acid. r: Corresponding disulfide. (3) Wear of steel pin against steel disk:
distancedependent volume-rate. Metal salts of diisobuthyl dithiophosphate.

I
[S2]

o
<

Scar Diameter, mm
I b
=) i

=
o1

1 1 1 1

0 100 200 300 400 500

Applied Load, kg

a3 12. t-octyl chloride®t di-t-Octyl disulfide<l
g Aol HrbA 2L

Four-ball test: 10 seconds at 1750 rpm. Additives in
white oil and wear/load in dex: A. 9.19 Di-t-Octyl
disulfide, 2.08% S: 48.0 kg. B. 8.52% t-octyl chloride,
2.05% Cl: 51.9kg. C. 4.55% Di-t-octyl disulfide+4.
53% t-octyl chioride, 1.06% S, 1.00% Cl: 81.0 kg. D.
9.1% Di-t-octyl disulfide+8.52% t-octyl chloride, 2.
1% S, 2.0% Cl: 112.1 kg.

B3} Aolofl ofml A Al AAE giek, o Falol
A Qe ke ar ool E3p} AT F520

(carrier oil)oll= &Z37} A,

23 102 5% o9 d3S Vbl Aot =
28] 112 dEsgol i vleg w324 Silver
A 79-F olej2 slan HsSvt propylened] 34
+ 3 rider® FFE &3 disopropyl dithiophos-
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& 40—
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g 20+ /_
=

g X
2 005 1.0 1.5 2.0

Contact Pressure, GPa

a3 13. S8 M7l &4 sulfurized fatty ester]
ol 8k

Pin and disk wear at 85.85 cm/s with hardened steel.
1. Sulfurized methyl undecylenate, 1.22% S in lubri-
cant. II: Sulfurized methyl undecylenate fraction, 1.
00% S in lubricant. III: Synthetic 1,20-dicarbometh-
oxy-9,12-dimethyl-10,11-dithiaeicosane, 1.13% S in
lubricant.

phateseli4] &4-2] 47 xlolol| #A Aol TAF &
Ak, olul Y nlE gL Z okol i olatEy
Sol WA=}

o)

8. SEMZEL HIIM FH2




Vol. 4. No. 2, 1988

80
£
.60
V]
5]
o
w 40 |
[5o]
5]
=
5 20
Q.
QL
a
0 0.5 Lo 15 2.0
Contact Pressure, GPa
a8 1a. T3 "7 EZ4 Organosulfides?t fatty

esters®] Ab3 zH8-

Pin and disk wear test at 85.85 cm/s with hardened
steel. I Di-sec-octyl disulfide, 1.17% S in lubricant.
II: Methyl laurate, 8.8% in lubricant. III: Di-sec-
cotyl disulfide(17 mmoles/100 gm) methy] laurate(33
mmoles/100 gm), 1.06% S* 7.2% ester in lubricant.
IV: Base oil. V: Synthetic 1,20-dicarbomethoxy-9
12-dimethyl-10,11-dithiaeicosane(18 mmoles/100
gm).

8-1. FEn 9442 H SEME HIH

Pruttone| chlorinated paraffin wax24 3%
oA 49t dibenzyl disulfide®A 0,5%%5 £3H&F
g5+ hypoid gear A1&oll E#sint & 2
b A9 Aol ARe g, o]+ o &
3 A% WSS A Wl
2 223}, 28 12%  di-t-octyl disulfides}t
t-octyl chloride®] &#izh&ofl gl 7lelct, 2%9
ot 2% dasr 4F AHelsh 80~100kge
shgollA] Aot 19% w8, 1% d4e &3
130kge-2 F7A171aL 2% 35t 2%
500kg 3F57kA] dofrir] fgrt,

% 2lolAl%  dibenzyl disulfidest chlorinated
parafflr-* £33t AY A3 e A9EF A= F
5o Roffrl, & 220041 spebH mb3Ale] A A
13} v]-528k 285 Rolfot

olgw

o L”_ ¥ o

o) sk )% =)

of A Lo
e R,

8-2. 2lz} ol S HItH

F 23049} 7ol ester —rEoll4  chlorine
ester H7HA 285 FoAA T AF o+ 9l
o}, o€ monochlorinated +%2% -CH,Cl& 3}

¥ 21. £33 Organosulfur?lt Organochlorine #
7hA el 4-ball 43

Additive(conc.S or Cl)(a) Wear/load Intitial seizure

index, kg load, kg
Di-t-nony! polysulfide (0.030) 52.0 75
Dibenzyl disulfide (0.030) 48.8 70
Benzy! chloride (0.030) 56.7 65
Chlorinated paraffin(b)(0.030) 47.7 85
Di-t-nony! polysulfide (0.015) 78.3 80
*benzy! chloride (0.015)
Di-t-nony! polysulfide(0.015) 56.3 85
*chlorinated paraffin (0.015)
Dibenzyl disulfide (0.015) 64.8 80
*benzyl chloride (0.015)
Dibenzy! disulfide (0.015) 45.3 80

*chlorinated paraffin (0.015)

(a) Gram-atoms per 100 grams of white oil solution,
(b) 51% chlorine.

B 22. Organosulfur®} Organochlorine 3}3}% ¢
Bokel shebd g4

. % of Element reacted
Additive(conc.S or Cl)(a)

Suifur Chlorine
Benzyl chloride (0.015) - 51
Chiorinated paraffin(b)(0.015) - 25
Di-t-nonyl polysulfide (0.015) 31 -
Dibenzyl disulfide (0.015) 17 -
Di-t-nony! polysulfide (0.015) 44 62
*benzyl chloride (0.015)
Di-t-nonyl polysulfide (0.015) 69 28
*chlorinated paraffin (0.015)
Dibenzyl disulfide (0.015) 17 51
*benzyl chloride (0.015)
Dibenzyl disulfide (0.015) 25 23

*chlorinated paraffin (0.015)

(a) Gram-atoms per 100 grams of white oil solution.
(b) 519 chlorine.

-

= Ao 4&-3t5-8 ZF7H47]Ed tnchlorinated
291 2CClLeot vpabzzle] b7} 91-3-& BoiFc,

8-3. 1 Fatty Esters
33 Fatty Esters®] &3 218 13, 149} 322

25
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H 23. Phosphorus esters®} % 7}4] =204 Chlo
rine®] 7= of gk
Additive formula Seizure

transition, kg

Phosphate esters

(CH,),CH(CH,),0OPO -(OC,H;s), 150
Cl; CCH,OPO-(OC,H,), 200
Cl, CCH,OPO - (OC,H,), 225
Cl, C(CH,), OPO-(OC,H,), 230
Cl,C(CH,), OPO-(OC,H,), 225
Thiophosphate esters(thiolic)
C;H,,SPO-(OC,H,), 150
CH,,SPO-(OC,H;), 140
ClL,C(CH,), SPO-(OC,Hy), 200
CL,C(CH,), SPO-(OC,H,), 210
Cl,C(CH,), SPO-(OCH(CH,),), 200
Thiophosphate esters(thionic)
C,H;OPS-(OC,H,), 140
C.H,0PS-(0OC,H;s), 120
Cl,CCH,OPS-(OC,Hy), 200
CL,C(CH,), OPS-(OC,Hs), 170
Phosphonate esters

CH,PO-(OC,H,), 138
CH,PO-(OCH,,), 130
CLCPO-(OC,H,), 190
CH,PO-(OCH,CCly), -
CH,PO-(O(CH,).CCl,), 190 — 300 (b)
Cl,CPO - (OCH, CCl,), 140 - 300(b)

"}“*W Aoz ®ed oo 3ol dgko] glxu
T ShEolle A9 AX ) gE Hdes e
‘le“%.

"

9. 2etyE
&2}

HItHEZHe

4% 2y

%% AbAE 459 B ohie 4 A%w
Psatel, A mE 24 YAz 2slo] o}
s FEEA ) ﬂhﬁ% 141

WoAle) Fl%o] A= Ae W vke Pohasb

O.IOOV(a)l T Tg

@ =

o ¥

£ 0,075 -J;
=

2= =
CU

550 050 =

U

R L A kS

3 0.0251 b “;OJ

0 1 8 e F B R S B |

280 320 360 400 280 320 360 400 440 480
Temperature, degrees K

3 5. Dibenzyl disulfide®] #7}Al 2Fgoll4 A
704
(a) Adsorption on stainless steel. (b) Friction of
stainless steel. I: Dibenzyl disulfide only in n-hex-
adecane. II: Dibenzyl disulfide plus
n-cotadecylamine. III: Dibenzyl disulfide plus cal-
cium salt of petroleum sulfonate.

apk Folof] Faksle g 2ol of R HE
iAol sl A s 7] wlFelct,

a8 15(a)¥ dibenzyl disulfide®] F2bol] 23
DA S ¥olFroh, n-octaclecylamee] 83 7%

disulfide®] 2 v 5ol ofAlsx]qt Hel
2% o|AolA amin® &I} HojxH ZF
Alzbabel, mbA Algel A delAx

sulfinate7} 333~440k Atolol|l A whaErle] U9

Hrprb 2xFtel sl kel miAAl X3l
sulfide Bkg-ol F7hs]o] whate] wWojzlE oF 4+ gl
th(2® 15b),
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